35 mTOR, a serine/threonine protein kinase that is involved in a series of critical 36 cellular processes, can be found in two functionally distinct complexes, mTORC1 37 and mTORC2. In contrast to mTORC1, little is known about the mechanisms that 38 regulate mTORC2. Here we show that mTORC2 activity is reduced in mice with a 39 hypomorphic mutation of the Ric-8B gene. Ric-8B is a highly conserved protein 40 that acts as a non-canonical guanine nucleotide exchange factor (GEF) for 41 heterotrimeric Gs/olf type subunits. We found that Ric-8B hypomorph embryos 42 are smaller than their wild type littermates, fail to close the neural tube in the 43 cephalic region and die during mid-embryogenesis. Comparative transcriptome 44 analysis revealed that signaling pathways involving GPCRs and G proteins are 45 dysregulated in the Ric-8B mutant embryos. Interestingly, this analysis also 46 revealed an unexpected impairment of the mTOR signaling pathway.
136 Heterozygous mice were intercrossed to generate homozygous mutant mice.
137 Genotyping of the offspring revealed the absence of mice homozygous for the Ric-138 8B gene mutation (Table 1) . In order to determine the time of embryonic death, 139 embryos from heterozygous intercrosses were genotyped at different 140 developmental stages (Fig. 1B, Table 1 ). We found that homozygous embryos die 141 around embryonic day 10.5. 200 embryos have only one copy.
201
248 found an increased number of apoptotic cells in the neural tube of Ric-8B bgeo/bgeo 249 embryos, as well as in the cranial mesenchyme ( Fig. 5B) .
251
We also tested the impact of Ric-8B gene depletion on apoptosis in vitro, by using 252 mouse embryonic fibroblasts (MEFs) generated from the Ric-8B mutant embryos.
253 Even though Ric-8B is predominantly expressed in the nervous system (as shown 313 shRNA17 cells and control cells. We found that the levels of phosphorylation of Akt 314 at Ser 473 are markedly reduced in the knockdown cells ( Fig. 7B ). As shown for 315 the Ric-8B mutant embryos, no striking differences were observed in the S6 316 phosphorylation levels (Fig. 7B) . These results show that not only in the mouse 317 embryo, but also in the HEK293T cells, Ric-8B is required for mTORC2, but not for 318 mTORC1 activity.
319 Finally, because previous work showed that Ric-8B stabilizes expression of Gsolf 320 protein subunits in different cell types [7,8,11], we asked whether the Gs protein 321 is stably expressed in our Ric-8B knockdown cells. Experiments using protein 322 extracts prepared from these cells showed that the levels of the Gs protein are 323 reduced when compared to the levels found in control cells (Fig. 7C) . 403 Even though the precise mechanisms through which Ric-8B is involved in 405 phosphorylation of Akt at Ser473 in the Ric-8B knockdown cells could be due to 406 the lower levels of Gs expressed in these cells. Noteworthy, however, we found 407 that the Ric-8B9 isoform, which does not interact with G subunits but does 408 interact with G subunits, is the predominant form of Ric-8B expressed in the 409 embryo (Fig. 1C ). It is therefore also possible that G signaling is altered, leading 410 to a defective mTORC2 signaling (Fig. 7D ). Finally, our results do not exclude the 411 possibility that Ric-8B and/or Ric-8B9 could have additional targets that are 412 unrelated to G proteins and are yet to be identified.
413 In summary, our results show that Ric-8B is essential for mouse embryogenesis 414 and is required for the normal development of the nervous system. In addition, they 572 Three days later, medium was removed and cells were washed twice with PBS 1x.
573 Cells were starved in DMEM without FBS for 4 hours and then stimulated with 574 DMEM 10% FBS for different times. 
